The principle of maximum entropy was applied to derive a stochastic model for sediment yield from upland watersheds. By maximizing the conditional entropy subject to certain constraints, a probability distribution of sediment yield conditioned on the probability distribution of direct runoff volume was obtained. This distribution resulted in minimally prejudiced assignment of probabilities on the basis of given information. The parameters of this distribution were determined from such prior information about the direct runoff volume and sediment yield as their means and covariance. The stochastic model was verified by using three sets of field data and was compared with a bivariate normal distribution. The model yielded sediment yield reasonably accurately.
INTRODUCTION
The total sediment outflow from a watershed, measurable at a point of reference spatially and in a specified period of time, is called sediment yield [American Society of Civil Engineers, 1970] . Its prediction is required for solution of a number of water resources problems. Determination of water quality in streams and reservoirs, transport of pollutants, undertaking cleanup following floods, protection of fish and wildlife habitats, development of opportunities for water-based sports and recreation, design of hydraulic works such as dams, debris basins and canals, design of soil conservation practices, planning urban works, evaluating the effects of certain land management practices, off-site damage evaluation, and cost evaluation of a water project are some of the examples. Sediment is a pollutant or a carrier of such pollutants as radioactive material, pesticides, and nutrients. Increased awareness of environmental quality and the desire to control nonpoint source pollution have significantly increased the need to estimate sediment yield. These applications may require mean value as well as variability of sediment yield corresponding to a given time interval (e.g., storm duration, daily, weekly, monthly, or yearly).
Many sediment yield models have been developed to address the aforementioned wide-ranging soil and water resources problems. Several reviews and discussions on various phases of sediment yield modeling have recently appeared in hydrologic literature. Foster [1981] made a comprehensive review of erosion process modeling. Renard [1977 Renard [ , 1980 reviewed the available techniques for estimating erosion rates, as well as discussed erosion and sediment yield modeling from rangeland. Woolhiser and Renard [1980] presented a discussion on stochastic aspects of sediment yield. Alonso [1980] evaluated a number of sediment transport formulas, bed load as well as total load. Williams [1982] provided a comprehensive survey of sediment yield modeling for erosion control, water resources planning, and water quality analysis. Li et al. [1973] reviewed a number of models for prediction of sediment yield from small watersheds. Knisel [1980a] provided an overview of erosion and sediment yield models. Singh [1986] has provided a comprehensive account of sediment yield models for upland areas. The bulk of sediment yield models is deterministic which may be either empirical or conceptual. Some examples of empirical models [Agricultural Research Service, 1975 ] are sediment-rating curves, reservoir-sediment deposition surveys, sediment-delivery ratio, and bed load function extrapolation of measured records. These procedures require long data records so that time variability as well as annual yield of sediment can be determined. . It has been empirically shown that sediment yield produced by a rainstorm is linearly correlated with the corresponding volume of the direct runoff on a log-log paper and that hydrographs of sediment discharge and corresponding runoff are similar in shape, have the same duration, and peak almost at the same time. Exploring these similarities further, Rendon-Herrero [1978] developed a so-called "unitsediment graph" concept which is analogous to the unithydrograph concept (e.g., standard unit of the sediment graph could be one ton, for a given duration, distributed over the watershed area). This concept is very simple to apply but has two main disadvantages: assumption of homogeneity in time and space (which is often not true), and requirement for continuous data sampling (which is often not met in practice). Conceptual deterministic models have been developed by Foster and Meyer [1972, 1975] Woolhiser and Blinco [1975] developed probability distribution functions of sediment yield using the relationship between rainfall, runoff, and sediment yield. These stochastic models are constrained by the hypotheses regarding the processes of detachment, transport, and deposition of sediment and must be tested with field data. Sharma [1977] developed a discrete dynamic model for sediment yield using systems approach and logarithmic relationship between nonstationary runoff rate and sediment yield. By applying the transfer function plus noise models of the Box-Jenkins type, Caroni et al. [1984] developed two simple stochastic models for rainfall-runoff sediment yield relations. They, however, tested them on only one small watershed. All these models confirmed the main advantage of using a stochastic approach: possibility of generating long series of data by using statistical parameters based on a short sample. This paper applied the principle of maximum entropy (POME) to derive a probabilistic relationship between direct runoff volume (DR) and sediment yield (SY). The POME was used by Sonuga [1972 Sonuga [ , 1976 
PRINCIPLE OF MAXIMUM ENTROPY
Entropy is defined as a measure of uncertainty or expectation of information. It was first applied in communication 
Substituting (24) and (25) into (23),
F,(ylx) = •[(x(a•/a•=)-y)c•] --1 (26) (•i)[(x(O-xy/O-x 2) --Ymax)C1]
For practical purposes, it may be desirable to express F(ylx) in dimensionless form. This can be done by using beta coef-ficients [Yevjevich, 1972] The second date set [Haan, 1977] represented similar measurements for 21 years record at the Green River in Kentucky. The third data set [Sinoh and Chen, 1982] was taken from the detailed measurements on a U.S. Geological Survey watershed 1-4815 in Virginia for a series of storm events (both the runoff and sediment discharge hydrographs were available).
Estimation of Parameters
The prior information needed for application of the stochastic model in (26) are variances %2 and %2 and covariance a,,y, which were used as the constraints or assumed to be known. In the absence of the real data, these parameters must were considered: sediment yield during the rising hydrograph and that during the recession hydrograph. The extended model predicted the cdf accurately for the recession part, but not so well for the rising part. The predicted cdf was corrected when the lower limit of observations was greater than zero. The effect of this discrepancy is reflected in Figure 15 where the model results would be greatly improved by shifting the cdf to the left.
